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(54) IMPROVED HIGH-AROMATIC OIL, AND RUBBER COMPOSITION AND OIL EXTENDED 
SYNTHETIC RUBBER BOTH PREPARED BY USING SAID HIGH AROMATIC OIL 



(57) The high aromatic oil provided in the present 
invention is characterized by that a glass transition point 
is -45 to -20°C and an aromatic component measured 
by Clay-Gel method accounts for 55 to 90 % by weight 
and that a polycyclic aromatic compound measured by 
IP 346 method accounts for less than 3 % by weight 
based on the whole components of hydrocarbons con- 



tained in the oil. 

This high aromatic oil can suitably be used for vari- 
ous rubber compositions such as tires, rubber vibration 
insulators and fenders, oil extended synthetic rubbers, 
printing inks and writing inks. 



Topped crude 



J Residual oi 



_L_ 



Vacuum ] 
ovulation I 



■•—[OeasD halting 



Hydrogen* tor 
dews xing 



| Dtsuttate | 



Solvent extraction 



Hydrogerution 
dewming 



44 



Hydrogeni ram — . ■ , — ...... 



Solvent 
•xtr action 



Mydro sanation 
cgwawg 



Solvent 
extraction 



Solvent 
dewaitng 



Hydrocrtckng 



Solvent 
« traction 



jHydrocrackngl 



Hyarogenition 
freshing 



CM 

< 

CM 
CO 



<3 
i 



s 

° 



J3 

rn 

CO 



Solvent 
extraction 



5" 



o 

o 

"9 



Q. 

LU 



Primea D/ Xe-ox (UK) Business Services 
2 16 7/3 6 



BNSDOCID- <EP.. 0940462A2 I > 



EP 0 940 462 A2 



Description 

Technical Field 



J h !. present mention relates to a high aromatic oil preferably used for various rubber products, such as tires 
sv^l> ,nSU,a £ rS | an ? ,enders - P rintin 9 inks and writing inks, and a rubber composition and an oil extended 

syndetic rubber usmg th,s high aromatic oil. specifically to such an improved high aromatic oil that the product perform- 

™£SXS£ZT ^ ^ 6nVir0nment ^ 3 rUbbSr COmP ° Srtl0n ^ a " 0i ' ^nthetic rubber 



10 



Background Art 



[0002] In general, paraffinic and naphthenic oils and high aromatic oils have so far been used as a softening aqent 

« the V^L^T* 0 * "S a l°: 0i ' fof 8 SynthStiC rUbber " and *»» have been used Prop "y diending ^ 

« the uses thereof in particular, h.gh aromatic oils have preferably been used as a softening agent for a rubber compos,- 
tion and as an extender oil for a synlhetic rubber because of the following reasons (1 ) to (4) : 

!ubb2 h co^fon i,S ^ 8 CharaCteriStiC 0f 9ivin9 a hi 9 n loss Penance (high heat generating property) to a 
com^o^fethe beS* 3 fUbber COmP ° nent WhiCh iS natUral rubber or •* nth * ic contained in a rubber 

!!! ^ fL^M 0 " 8 ^ 3 softenin 9 characteristic for improving the workability of a rubber composition, and 
(4) the profitability is excellent (inexpensive). 

25 SSl in ^SSSlXT how f e V" PROPOS,T,ON - 65 enforcement in 19 88 and a series of EU instructions 
started in 1989 friat the high aromatic oils have a possibility to be a carcinogen because of polycyclic aromatic com- 

ssi^^r 1- : k mso ***** or pca (po,ynuc,ear aromatics)] as «^Snj -i rsssss. 

matic oils and therefore a h.gh aromatic oil having no problem from the viewpoint of safety and hygiene as well as the 
charactenst.cs (1 ) to (4) described above has been desired 

30 !^lJ?!2*J he ?f eS ° f re . 9u,a * ions described in Particular, the EU instructions, several proposals have 

Z^V^T^T I 6 V W 1 fUbber COmposition At P reserrt - however, any high aromatic oils which satisfy 
thethree requ.redcharacter.st.cs described above and concurrently are adequate from the safety and hygiene point of 

tZc 1ST Pr ° P0Sed ' ^ ,6SS mbber COmpositions or °" e * ended synthetic rubbeis using llaThfgh £o- 

35 «S S Z?! , !! C ? ^ 0b1ained by USin9> 35 an af0matiC m °n°mer. a high aromatic lubricant which has a viscosity 

of32 to 50 est and which contains an aromatic component of 30 to less than 55 % by weight and a saturated hydrocar- 
bon component of 40 to 65 % by weight both of which are measured by Cay-Gel method (ASTM D 2007^ aToty- 
S SS'IT^ ! PC . A) °"ess than 3% measured accord.ng to IP (The Institute of Petroleum/ 346 me^hid 
LinfoffJ ' n P ar,,cula r. a rubber composrt.on obtained by using the above lubricant for SBR in a proportion 
of 10 to 25 % by weight based on the whole weight of the rubber composition has been proposed in for example Jao- 

IT^Z^Tr^T^ N ° 6 - 5 ° 5524 [BrttiSh ^ (GB) 2252978 " (US) 5504?35«KJ 

S h ™* ° f h |? h aromatic oil ■ however, does not have a relation to the characteristic of providing either 

LromatS: o?, S SSSSi T" T "***" c ^««>*™ requ.red to the performances of me high 

^TlTl ^ ^ ' S " 0t UniV0Ca " y relat6d 35 We " t0 tne softenin 9 characteristic. In addition, there is 

« 9 ar0matC °" C8n 001 ***** the USe as an a,, emative for conventional high aromatic oils 
SJSSLSSST 5 ^r 16 " 1 fa " in9 the above range, measured by the Clay-Gel method, does not provide 
the suffiaently high loss performance and the saturated hydrocarbon component falling within the above range does not 
provide as well the sufficient affinity with rubber. 9 

SSir ™ 6r ' *?^ f ? S ° Mn9 3 inferi ° r hiQh ' OSS Performance of a high aromatic oil containing less polycyclic 
a 2£Sn rP^ L ? A> 2 maWnQ USS °' 3n ^^n-indene resin is proposed in West Germany Patem (DE) 
^ J Ur0P6an Pat6nt (EP) 429761 ' US Pa,ent < US > 5091007 a nd East Germany Patent (DD) 2991931 This 
Z£L Pr °? emS fh3t thS Pr0f rtabi ' ity iS V6ry bad and that ,he aff wrth rubber is low since the amount 

55 £ £or COmp ° nent COrta,ned in 1,16 oil used is a * small as 0 to 30 % by weight, and therefore the practical 

i ^• 4 ~ nvanti0nal metn « js are in a state that performances, profitability and safety and hygiene can not stand 
Si! J£ ^eretore the development of a nove. high aromatic oil satisfying all of performances, profitability and 
safety and hygiene has strongly been desired. 
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Disclosure of the Invention 
Outline of the invention: 

5 [0009] An object of the present invention is to provide an improved high aromatic oil used for various rubber products 
such as tires, rubber vibration insulators and fenders, printing inks and writing inks, which gives a rubber composition 
containing the high aromatic oil the conventional levels of performances required to a rubber composition and contains 
polycydic aromatic compounds (PCA) of less than 3 % measured by the IP 346 method based on the EU instructions, 
and which provides a rubber composition at low cost, and to provide a rubber composition and an oil extended synthetic 

io rubber each using the high aromatic oil. 

[001 0] Taking such circumstances into consideration, the present inventor has intensively investigated what high aro- 
matic oil containing polycydic aromatic compounds (PCA) of less than 3 % measured by the IP 346 method, has the 
same performances as those of a conventional high aromatic oil and is obtainable within the industrially reasonable 
range. Finally, he has found that only a high aromatic oil having a glass transition point and an aromatic component 

is measured by the Clay-Gel method both falling within the restricted ranges can allow the intended performances, the 
profitability and the safety and hygiene to stand together, and thus have come to complete the present invention. 
[001 1] That is, the present invention resides in the following (1) to (6): 

(1) An improved high aromatic oil of which a glass transition point is -45 to -20°C and an aromatic component 
20 measured by the Clay-Gel method accounts for 55 to 90 % by weight and of which a polycydic aromatic compound 

measured by the IP 346 method accounts for less than 3 % by weight based on the whole components of hydro- 
carbons contained in the oil. 

(2) The high aromatic oil as described in the above (1), wherein the high aromatic oil has an aniline point of 97 or 
less. 

25 (3) The high aromatic oil as described in the above (1 ) or (2). wherein the saturated hydrocarbon component meas- 
ured by the Clay-Gel method accounts for 40 % by weight or less. 

(4) A rubber composition obtained by compounding the high aromatic oil as described in any of the above (1) to (3) 
into a rubber component comprising natural rubber and/or a synthetic rubber, wherein said high aromatic oil is 
blended in a proportion of 0.2 to 50 % by weight based on the whole weight of the rubber composition. 
30 (5) An oil extended synthetic rubber obtained by adding the high aromatic oil as described in any of the above (1) 
to (3) to a solution or a dispersion of a synthetic rubber in a proportion of 5 to 50 % by weight based on the whole 
weight of the synthetic rubber and then subjecting to desolvent treatment. 

(6) A rubber composition obtained by using the oil extended synthetic rubber as described in the above (5). 
35 Brief Description of the Drawings 
[0012] 

Fig. 1 is a flow chart showing a production process of a refining method (procedure) for a high aromatic oil of the 
^o present invention. 

Fig. 2 is a characteristic diagram showing a relation of a glass transition point (Tg) with a low temperature charac- 
teristic of a high aromatic oil. 

Fig. 3 is a characteristic diagram showing a relation of a glass transition point (Tg) with a loss characteristic of a 
high aromatic oil. 

45 Fig. 4 is a characteristic diagram showing a relation of an aromatic component with a low temperature characteris- 
tic of a high aromatic oil. 

Fig. 5 is a characteristic diagram showing a relation of an aromatic component with a loss characteristic of a high 
aromatic oil. 

Fig. 6 is a characteristic diagram showing a relation of an aniline point with a rupture characteristic of a high aro- 
50 matic oil. 

Fig. 7 is a characteristic diagram showing a relation of a saturated component with a rupture characteristic of a high 
aromatic oil. 

Best Mode for Carrying Out the Invention 

55 

Best mode of the high aromatic oil; 

[0013] The improved high aromatic oil of the present invention is characterized by that the glass transition point is - 
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Z^rZ^ T" 13 * 0 COmponent measured by the Clay-Gel method accounts for 55 to 90 % by weioht and that 
weight Dy we,ght P referab, y 60 to 85 % by weight and more preferably 65 to 80 % by 
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S oemS^e " ' ° TO " ,e °" °' me P " Sen ' invert0 ° has ■" e,8r ^ a «"* <" ™ est o, ,ess a, ,00 

SSLZ!l e .f eK r Se ° Sll> exceMln S 70 051 *0«M «>e aaxkability when in. h„h aiomaac oil is used lor . mnn„, 

™C-SS"* 15 SU *< ,e < 1 <""* «™ » — ' — ■ *— t discos* 

S^iSf"?,"! "*"* ' o 0 " aroma * C lub " can ' * to alkytolion irealment. disclosed in Wodd Patent (WO, 

94,,325ar«JJaear^Pa,en,aoplicaaonDisoloso,eNdHei8-5032,5.and «"»«w««C»l 
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(6) a method of refining a high aromatic lubricant by an air oxidation reaction, disclosed in World Patent (WO) 
9528458 and Australian Patent (AU) 9522092. 

[0028] A method in which a tumor cancer-generating topped light hydrocarbon oil having a boiling point falling within 
5 the range of 250 to 780°F is blended with a non-tumor cancer-generating vacuum distilled hydrocarbon oil. disclosed in 
Japanese Patent Application Laid-open No. Hei 6-41558 is proposed as a method of obtaining a non-carcinogenic light 
lubricant for industries. It is, however, substantially a light lubricant, and though the above method is close to the refining 
method in the present invention, it can not be applied for a high aromatic lubricant as it is. 

[0029] The high aromatic oil of the present invention can be produced not only by the methods described in the 
io respective known literatures but also by methods generally used for refining lubricants, that is. by subjecting a fraction 
obtained by distilling naphthenic and/or paraffinic crude oils at the atmospheric pressure and at a reduced pressure to 
one of refining methods, such as solvent extraction treatment, hydrogenation treatment, dewaxing treatment and dea- 
sphalting treatment or two or more kinds thereof suitably in combination, or it can be produced as well by blending two 
or more oils obtained by such methods. 
is [0030] The solvent extraction treatment described above means an operation for separating a crude oil into a raff inate 
having less aromatic content and an extract having more aromatic content by using a solvent. Used as the solvent are, 
for example, furfural, phenol, cresol. sulfolane. N-methylpyrrolidone, dimethylsulfoxide. formylmorpholine and glycolic 
solvents. 

[0031] A separative power in the solvent extraction treatment is varied depending on the solvent used, the crude 
20 oil/solvent ratio and the reaction temperature applied. Accordingly, PCA can selectively be separated by suitably chang- 
ing these conditions. 

[0032] The hydrogenation treatment described above is an oil refining process intended for decomposing sulfur, nitro- 
gen, oxygen and metal compounds contained in the fraction in order to remove them and for reforming or cracking 
hydrocarbons. Examples of the catalyst used for the hydrogenation treatment include catalysts obtained by using a 
25 metal such as Ni, W, Pt and Pd or a metal oxide of Mo. Co. Ni or W as a metal component, and alumina, silica, silica- 
alumina or zeolite as a carrier. Further, the hydrogenation treatment is classified broadly into a hydrogenation finishing 
treatment carried out under relatively mild reaction conditions and hydrocracking treatment carried out under severe 
conditions. Further, it is possible to selectively crack only PCA by changing the conditions of the hydrocracking treat- 
ment. 

so [0033] Further, the dewaxing treatment described above is intended for removing a wax component contained in the 
fraction, and an MEK dewaxing method and a propane dewaxing method are known. 

[0034] The deasphalting treatment described above is a process for removing an asphalt component and a resinous 
component particularly contained in a vacuum distillation residual oil, and low molecular weight hydrocarbons having 1 
to 5 carbon atoms are used as a solvent. Propane alone and a mixture of propane and butane are used as an optimum 
35 solvent. 

[0035] The high aromatic oil of the present invention can be produced by suitably combining the methods described 
in the respective known literatures described above with the respective refining methods described above, and it is a 
matter of course that the treating conditions have to be settled so as to satisfy the respective properties described 
above. 

40 [0036] The solvent extraction treatment and hydrocracking treatment described above can easily control the contents 
of the aromatic components and PCA contained in the fraction, and therefore they are preferably used for producing the 
high aromatic oil of the present invention. 

[0037] As described above, the high aromatic oil of the present invention can be produced by using the respective 
methods described above alone or in combination of a plurality thereof, and the following processes (refining methods) 
45 1 to 13 are preferably used in order to satisfy the performances, the profitability and safety and hygienic requirement 
together. 

[0038] Fig. 1 shows the following processes (refining methods) 1 to 13 and the production processes of A to E. and 
1 to 1 3 and A to E in the drawing show the respective processes (refining methods). 

[0039] NT described in the following processes in Fig. 1 and in the tables means a product obtained by subjecting a 
so raff mate having a low aromatic content obtained by subjecting a vacuum distillation distillate to solvent extraction treat- 
ment to hydrogenation finishing treatment and/or solvent dewaxing treatment, and includes a paraffinic oil and a naph- 
thenic oil. 

Process 1 : 

55 

[0040] NT is added to an extract having a high aromatic content obtained by subjecting a vacuum distillation distillate 
to solvent extraction treatment, and the extract is then subjected, if necessary, to hydrocracking treatment under the 
condition that only PCA is selectively cracked. 
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Process 2: 



Process 3 



52LS5E^ !S h : r !Ti COntent * SUbjeCtin9 a — dis «»a«°n residua, 

uii 10 ueaspnamng treatment and further to solvent extraction treatment and the extract is then <u .k^^h » „„^„ 

to hydrogenation finishing treatment under the condition that only PCA aa*2 * 



Process 4: 



' 5 o^ 3 dL*ha^Sl3fnd1 3 T ar0matiC ^ 0bWn- * Subjectin 9 a ™™ *•**>" -idua. 
011 10 oeaspnatting treatment and further to solvent extraction treatment and the extract is then c ;< „ 

to hydrocracking treatment under the condition that only PCA is selectLeV crackS necessary. 



Process 5: 



20 



[0044] A vacuum distillation distillate is subjected to solvent extraction treatment to obtain an extract havinn a hinh 



is selectively cracked 
25 Process 6 
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\ Process 7: 



35 



ProcessS 



' S:SS~S2S5==== mbssk : 



45 



50 



Process 9: 
[0048] 



Process 10: 
[0049] 
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Process 1 1 : 

[0050] A vacuum distillation residual oil is subjected to deasphalting treatment and further to hydrogenation dewaxing 
treatment. Subsequently, the oil thus obtained is subjected to solvent extraction treatment under the condition that PCA 
s is selectively separated to obtain a raffinate having a low PCA content. 

Process 12: 

[0051] A vacuum distillation residual oil is subjected to deasphalting treatment and further to solvent extraction treat - 
io ment under the condition that PCA is selectively separated to obtain a raffinate having a low PCA content. The raffinate 
thus obtained is subjected to solvent dewaxing treatment and further, if necessary, to hydrogenation finishing treatment. 

Process 13: 

is [0052] A vacuum distillation residual oil is subjected to deasphalting treatment and further to solvent extraction treat- 
ment to obtain an extract having a high aromatic content. The extract thus obtained is then subjected to hydrocracking 
treatment under the condition that PCA is selectively cracked. 

Process A: 

20 

[0053] A vacuum distillation distillate is subjected, rf necessary, to dewaxing treatment and then to solvent extraction 
treatment to obtain an extract having a high aromatic content. 

Process B: 

25 

[0054] A paraffinic or naphthenic fraction subjected to hydrogenation finishing and/or dewaxing treatment is added to 
an extract having a high aromatic content obtained by subjecting a vacuum distillation distillate to solvent extraction 
treatment. 

30 Process C: 

[0055] A vacuum distillation residual oil is subjected to deasphalting treatment and further to solvent extraction treat- 
ment to obtain an extract having a high aromatic content. The extract thus obtained is then subjected to hydrocracking 
treatment under the condition that PCA is selectively cracked. Further, the cracked product is treated with DMSO, and 
35 then subjected to solvent extraction operation repeatedly three times while varying the amount of furfural and the tem- 
perature condition. 

Process D: 

40 [0056] A vacuum distillation residual oil subjected to deasphalting treatment is subjected to solvent extraction and sol- 
vent dewaxing treatment. 

Process E: 

45 [0057] A vacuum distillation residual oil subjected to deasphalting treatment is subjected to solvent extraction and sol- 
vent dewaxing treatment. 

[0058] Next, the rubber composition and the oil extended synthetic rubber of the present invention are characterized 
by using the high aromatic oil having the characteristics and properties described above, and the blend amounts and 
use amounts thereof are as follows. 

so 

(1) The high aromatic oil having the characteristics described above is desirably blended into the rubber composi- 
tion in a proportion of 0.2 to 50 % by weight, preferably 0.5 to 40 % by weight and more preferably 1 to 35 % by 
weight based on the whole weight of the rubber composition. 

If the proportion of the high aromatic oil having the characteristics described above is less than 0.2 % by weight 
55 based on the whole weight of the rubber composition, the softening characteristic is inferior. Meanwhile, if the pro- 
portion exceeds 50 % by weight, adhesion to a roll and the like becomes heavy, and the workability is reduced. 
Accordingly, both are not preferred. 

(2) The high aromatic oil-extended synthetic rubber is prepared desirably by using the high aromatic oil in a proper- 
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/5 



be^mi^T^h^^i. ^portion exceeds 50 % by weight, adhesion between rubbers or 
not pSerrJ? P * ^ ^ " """"^ 95 we " t0 P™P« a Accordingly, both are 

[0061] A method of using the high aromatic oil tor the rubber composition mav be either in tho „« a „ . . 

we.ght and more preferably 30 to 105 parts by weight oer 100 oartJ h7J»lZ„t « P If erably 25 10 120 P 3 ^ by 
(c) Cross-linking agent and cross-linking auxiliary 

ing S d°e^ 0 ^r , a e ^ inVenti0n " * agent and cross-link- 

- J™ (a) -d „ and the 

-°^cperox*e,^ 

the J b,,ow,n9 op,,onal components in addition to the respective components described above ca^oe 
added to the rubber composition of the present invention aescnoea aoove can be 

J, ^'" 0r h 9aniC ,i " er °* 5 1£> 200 ^ by wei 9 ht ' P fe,er ably 25 to 120 parts by weight and more preferably 32 to 
ZSTJSL^ ^ ^l anS by Wei9M ° f the rubber «"^onent comprising natural ruo£ 

based on the whole weight of the rubber composition of the present invention 9 Ptasfazer. 

(tj waxes and antioxidants for preventing degradation 

(g) Other optional components, for example, compounding agents usually used in the rubber industrv inch**™ for 
examp.e. tackrfiers. vulcanization controlling agents, high loss-providing ageS art^T^ng*^ 

| EXAMPLES 

(1) Production and evaluation of the high aromatic oils (Examples , to 14 and Comparative Examples 1 to 7) 

to 13 25 AtT^^Z^T Und6r ^ re,inin9 C ° nditi0nS ° f the re * ective methods (proc- 
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[0066] The conditions of the hydrogenation finishing treatment are a reaction temperature of 280 to 360°C, a pressure 
of 5.4 to 12 Mpa, a liquid space velocity of 0.5 to 2.5 W-oil/m 3 -catalyst and a hydrogen circulation amount of 50 to 350 
Nm 3 /W-oil. 

[0067] As for the conditions of the solvent extraction treatment shown in the following tables 1 to 3, 
f the term "mild" means a solvent extraction condition for obtaining a raff inate having a high aromatic content and 

a low PCA content, wherein a solvent used is furfural; a solvent ratio (ratio of the solvent used to a feed oil) is 1 .0 to 3.0; 
and extraction temperatures are 80 to 1 1 0°C at the column top and 40 to 70°C at the bottom. 

[0068] The term -severe" means a solvent extraction condition for obtaining an extract having a high aromatic content, 
wherein a solvent used is furfural; a solvent ratio is 3.0 to 6.0; and extraction temperatures are 1 00 to 1 30°C at the col- 
io umn top and 60 to 90°C at the bottom. 

[0069] As for FEED shown in the following tables 1 to 3, VD means a vacuum distillation distillate. VR means a vac- 
uum distillation residual oil. DAE means a solvent extract of VD. RAE means a solvent extract of VR subjected to dea- 
sphalting treatment. 

[0070] The glass transition point Tg, the aromatic component, the saturated component, Ca, Cn and Cp measured 
75 by Kurtz analysis, the kinetic viscosity, the aniline point, the density, the volatile matter and the DMSO extract amount 
of the high aromatic oil were measured and evaluated by the following methods, respectively. 
[0071 ] The glass transition point Tg was measured by a DSC method. 

[0072] The aromatic component and the saturated component were measured by a Clay-Gel method (ASTM D2007). 

[0073] Ca (aromatic carbon), Cn (naphthene ring carbon) and Cp (paraffin chain carbon) were measured according 
20 to ASTM D2140 (Kurtz analysis). 

[0074] The kinetic viscosity was measured by J IS H 2283 [revised on March 1 , 1993 (ISO 2909, 3104, 3105)]. 

[0075] The aniline point was measured by JIS K 2256 [revised on November 1 , 1 985 (ISO 2977)]. 

[0076] The density was measured by JIS K 2249 [revised on March 1 , 1 987 (ISO 91/1. 649/1 , 3675, 3838)] . 

[0077] The volatile matter was measured by JIS K 2207 [revised on August 1 . 1990 (ASTM D6)]. 
25 [0078] The DMSO extract amount was measured by an IP 346 method 
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(2) Production and evaluation of the oil extended synthetic rubbers (Examples A to E and Comparative Examples A to 



10 



15 



20 



[0079] The results obtained by evaluating the drying workabilities, the bale-preparing difficulties and the handling 
workabilities of the oil-extended synthetic rubbers using the high aromatic oils of the present invention and the like as 
an extender oil are shown in the following tables 4 and 5. 

[0080] The oil extended synthetic rubbers were prepared according to the following polymerization processes 1 and 
2 and to the recipe shown in the following tables 4 and 5. Further, the drying workability, the bale-preparing difficulty and 
the handling workability were evaluated by the following methods. 

Polymerization process 1 : 

[0081 ] A pressure reactor of 5 liters was charged with 1 200 g of dried cyclohexane, 80 g of styrene and 1 20 g of buta- 
diene, and the temperature of the content was adjusted to 50°C. Further, 60 mmol of tetrahydrofuran was charged as 
a randomizer, and then 1.6 mmol of a 1.6 N n-hexane solution of n-BuLi was added as an initiator. Subsequently, the 
polymerization was carried out at 50°C for 2 hours. 

[0082] After finishing the polymerization, a solution obtained by dissolving 0.5 g of BHT in 5 ml of isopropanol was 
added to the polymerization system to stop the polymerization. After stopping the polymerization, the high aromatic oil 
shown in Table 1 was added, and then the content was dried by a conventional method to obtain an oil extended syn- 
thetic rubber. 



Polymerization process 2: 

[0083] The pressure reactor of 5 liters was charged with 1200 g of dried cyclohexane, 80 g of styrene and 120 g of 
butadiene, and the temperature of the content was adjusted to 50°C. Further, 50 mmol of tetrahydrofuran was charged 
as a randomizer, and then 1 .2 mmol of a 1 .6 N n-hexane solution of n-BuLi was added as an initiator. Subsequently the 
polymerization was carried out at 50°C for 2 hours. 

[0084] After finishing the polymerization, 1 mmol of 1 N (SiCVc-Hexane) was added to the polymerization system to 
carry out a coupling reaction at 50°C for 30 minutes. After finishing the reaction, a solution obtained by dissolving 0.5 g 
of BHT in 5 ml of isopropanol was added to the polymerization system to stop the polymerization. After stopping the 
polymerization, the high aromatic oil shown in Table 1 was added, and then the content was dried by a conventional 
method to obtain an oil extended synthetic rubber. 

Evaluation of drying workability: 

[0085] For the evaluation of the drying workability, a sample (1 cm x 1 cm x 1 cm, the same shall apply hereinafter) 
which was dried in an oven at 100°C for one hour was used, and the temperature of the sample was elevated by means 
of TGA (thermal analyzer) to measur an evaporation loss. The evaporation loss of 1 % or less is regarded as good. 

ao Evaluation of bale-preparing difficulty: 

[0086] The bale-preparing difficulty was evaluated by whether or not a bale was formed when a sample was put in an 
iron-made vessel of 10 cm x 10 cm x 10 cm to carry out molding at 1 Mpa for one hour by means of a vertical press. 

45 Evaluation of handling workability: 

[0087] The handling workability was evaluated by preparing five of the same samples to evaluate the workability 
thereof. 
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Table 4 



Test Results of Oil Extended Synthetic Rubber 




Comparative Example A 


Example A 


Example B 


Comparative Example C 


Polymerization method 


Process 1 


Process 1 


Process 1 


Process 1 


Mw 


240000 


240000 


240000 


240000 
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Table 4 (continued) 



Test Results of Oil Extended Synthetic Rubber 





Comoarativp Fyamnlo A 


example a 


Example B 


Comparative Example C 


Styrene% 


dn i 


4U. 1 


40.1 


40.1 


Butadiene % 


37.0 


37 


37 


37 


High aromatic oil used 


None 


Example 2 


Example 2 


Example 2 


Use amount (PHR) 


None 


27.3 


37.5 


545 


Drying workability 


Good 


Good 


Good 


Difficult 


Bale preparing difficulty 


Good 


Good 


Good 


Adhered 


Handling workability 


Good 


Good 


Good 


Extra bad 
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Tables 



25 



30 



35 



40 



Tes 


t Results of Oil E 


xtended Synthetic Rubber (continued from Table 4) 




Comparative 
Example B 


Example 


Comparative Example 






C 


D 


E 


D 


E 


Polymerization method 
Mw 

Styrene % 
Butadiene % 


Process 2 
1450000 

40.2 

36.0 


Process 2 
1450000 
40.2 
36 


Process 2 
1450000 
40.2 
36 


Process 2 
1450000 
40.2 
36 


Process 2 
1450000 
40.2 
36 


Process 2 
1450000 
40.2 
36 


High aromatic oil used 
Use amount (PHR) 


None 
None 


Example 2 

27.3 


Example 2 

37.5 


Example 2 

27.3 


Example 2 

2.0 


Example 2 
54.5 


Drying workability 
Bale preparing difficulty 
Handling workability 


Very bad 

No 
Extra bad 


Good 
Good 
Good 


Good 
Good 
Good 


Good 
Good 
Good 


Difficult 
No 
Extra bad 


Difficult 
Adhered 
Extra bad 
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Consideration of Table 4 and Table 5: 
(3) Application to rubber composition: 

eTtfJSf? to3ir»LT in accordance with *• compounding recipe shown in the following table 

6 and tables 7 to 9 and the test pieces were prepared by the following method to evaluate a rupture characteristic a 
T^fJL t 31 3 ,OW temDerature - a s <*e™9 performance, a loss characteristic ( tan oT^toSSSnL 
% e ' 0n9ati0n (r00m temDerah "e> ^d an oil bleed property in terms of the n^chwSS^iSl 
a DMSO extract amount (PCA) in terms of the safety. The results are shown in the t^tSESSKS? 

[1] Preparing method of test pieces: 

[0090] Raw materials for a master batch having the compounding recipe shown in the following table 6 were mixed 



14 



y - <EP ... 0940462A2 ! > 



EP 0 940 462 A2 



by means of a kneader and then formed into a sheet by means of a roll having a surface temperature of 70°C. Subse- 
quently, this master batch and raw materials for a final were blended by means of the kneader and then formed into a 
sheet by means of a roll having a surface temperature of 70°C. Then, this was filled into a suitable die and vulcanized 
under the conditions of a temperature of 1 60°C. a pressure of 3.0 Mpa and a heating period of 1 5 minutes. Then, it was 
5 taken out of the die to prepare a prescribed test piece. 

[2] Test method of rubber composition: 

(a) Test method of measuring rupture characteristic: 

10 

[0091 ] A test piece of No. J IS-3 was prepared from a vulcanized rubber sheet (150 mm x 150 mm x 2 mm) prepared 
in accordance with the compounding recipe 1 shown in the following table 6 according to J IS K6301 
[0092] This test piece was used to measur a tensile strength (rupture strength) at the time of breaking by means of a 
tensile tester (Strograph AR-1 manufactured by Toyo Seiki Co.. Ltd.). 

75 

(b) Test method of measuring modulus of elasticity at a low temperature 

[0093] A vulcanized rubber sheet (150 mm x 150 mm x 2 mm) prepared in accordance with the compounding recipe 
1 shown in the following table 6 was used to measur a dynamic modulus of elasticity at -20°C by means of a visco-elas- 
20 ticrty tester (Rheolograph Solid, model L-1R manufactured by Toyo Seiki Co., Ltd.). The term "E + 07- means "x io 7 ". 

(c) Test method of measuring softening performance 

[0094] A sample of non-vulcanized rubber prepared in accordance with the compounding recipe 1 shown in the fol- 
25 lowing table 6 was measured for ML1 + 4 by means of a Mooney viscosity measuring device. 

(d) Test method of measuring loss characteristic (tan b): 

[0095] Measur at a bias of 1 %, 52 Hz and 25°C by means of a spectrometer 

30 

(e) Test method of measuring a modulus of elasticity at 300 % elongation: 
[0096] Measured according to J IS K 630 1 . 

35 (f) Test method of measuring oil bleed property: 

[0097] A vulcanized rubber sheet (1 50 mm x 150 mm x 2 mm) prepared in accordance with the compounding recipe 
formation 2 shown in the following table 6 was left for standing for 48 hours at room temperature to evaluate the pres- 
ence of oil bleed with visual observation. The absence of oil bleed was evaluated as "OK", and the presence of oil bleed 
40 was evaluated as "NG". 

(g) Judgment of DMSO extract amount: 

[0098] The DMSO extract amount of less than 3 % by weight was evaluated as "OK", and that exceeding 3 % by 
45 weight was evaluated as "NG". 



Table 6 



so 




Compounding Recipe (blend unit : parts by weight) 


Stage 


Material name 


Material used 


Maker 


Recipe 1 


Recipe 2 




Master batch 


SBR 1500 


JSR#1500 


Japan Synthetic Rubber 


100.00 


100.00 






N220 carbon 


Tokai Seast 6 


Tokai Carbon 


60.00 


75.00 


55 




Softening agent 


Examples 1 to 14, 


20.00 


35.00 








Comparative Examples 1 to 7 










Stearic acid 


BR-Stearic Acid 


Nippon Oil & Fat 


1.50 


1.50 
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Table 6 (continued) 



Compounding Recipe (blend unit : parts by weight) 



Stage 


Material name 


Material used 


Maker 


Recipe 1 


Recipe 2 


Final 


Zinc oxide 


Zinc white No. 1 


Hakusui Chemical 


3.00 


3.00 




Sulfur 


Sulfur 


Karuisawa Seirensho 


1.50 


1.80 




Vulcanization accelerator 1 


Nocceler DM 


Ohuchi Shinko Chemical 


0.70 


1.50 




Vulcanization accelerator 2 


Nocceler NS 


Ohuchi Shinko Chemical 


0.35 


0.00 




Vulcanization accelerator 3 


Nocceler DPG 


Ohuchi Shinko Chemical 


0.60 


0.80 
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Table 9 





Conventional high aromatic oil 




Comparative Example 




1 


2 


3 


6 


Hiah aromatic oil 










To folass transition noint-D55H m*athnrN 


-29.68 


-35.44 


-43.07 


-51.55 


Clav-ael analv^is (ASTM npnft7t 

wiajr yci ai lai yoio ^ no i tvi UcUU r J 










Aromatic component (wt %) 


77.98 


86.69 


68.32 


17.29 


uaiuidieu t*\Ji I ipui lei U ywi /of 


17.53 


9.10 


26.35 


82.15 


C\t\ \\y analvcic 
wi u uc cii laijoJo 










Ca 


42.50 


43.50 


39.50 


7.50 


Cn 


28.00 


28.00 


26.50 


26.50 


Cp 


29.50 


28.50 


34.00 


66.00 


Kinetic viscosity (100°C) 


63.78 


24.48 


28.90 


4fi Qfi 


Aniline point (°C) 


38.6 


30.50 


49.10 


127.34 


Density (15°C) 


1.0184 


1.0122 


0.996 


0.8975 


Volatile matter 


1.395 


2.433 


0.07 


0.01 


DMSO extract (wt %) 


13.49 


16.82 


14.56 


0.66 


Evaluation 










Rubber characteristics Rupture characteristic/rup- 
ture strength 


22.01 


21.91 


21.40 


19.57 


Low temperature characteristic/modulus of elasticity 
at low temperature 


6.49E+07 


5.80E+07 


5.34E+07 


4.56E+07 


Softening performance/MLi + 4 


52.17 


50.67 


49.81 


48.55 


Loss characteristic/tan 6 


0.3346 


0.3254 


0.3200 


0.3047 


300 % modulus of elasticity (room temperature) 


7.22 


7.57 


7.56 


8.07 


Oil bleed property 


OK 


OK 


OK 


NG 


Safety 










Judgment of DMSO extract amount 


NG 


NG 


NG 


OK 



45 Consideration of Tables 7 to 9 and Fig. 2 to Fig. 7: 

[0099] Tables 7 to 9 described above are to show a comparison of conventional high aromatic oils with the high aro- 
matic oils of the present invention. As apparent from the results shown in Tables 7 to 9, it has become clear that since 
the high aromatic oils prepared in Examples 1 to 14 falling within the scope of the present invention have a DMSO 

so extract amount of 3 % or less, they have an excellent safety and are endowed with the performances which are equal 
to those of the conventional high aromatic lubricants (aroma oils) prepared in Comparative Examples 1 to 3 and that 
the excellent rubber properties thereof as a softening agent for a rubber composition are compatible with the safety. 
[0100] In particular, prepared in Comparative Example 6 is a high aromatic oil containing PCA of less than 3 % by 
weight falling within the range described in Japanese Patent Application Disclosure No. Hei 6-505524 [British Patent 

55 (GB) 2252978, US Patent (US) 5504135 and European Patent (EP) 575400]. wherein the kinetic viscosity is 32 to 50; 
the aromatic component accounts for 30 to 55 % by weight; and the saturated component accounts for 40 % by weight 
or more. As described above, it has become clear that the rubber characteristics related to the loss performance and 
the rupture characteristic are deteriorated. 
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EHi- -™ k Cc ! r " p ^ at,ve Exam P |e 6 in the highly aromatic oil containing the saturated component 

SEETi m ISIL™ 3 ' 38 deSCTibed ab0Ve fa " in9 Within the ran9e described in ^anese Patent AppLion 
Disclosure No. He. 6-505524 ,s used, it has become clear that the saturated componentlxceeding 40 %Ty we qht 
deteriorates the rupture characteristic and bring about oil bleed. 9 

5 21^1 2 ^.T* 9 ' ^ t0 ShOW 3 com P arison of ni 9" aromatic oils having glass transition points of -45«C or lower 
I™, t , Z u !? hiQh ar0matiC ° ilS ° f the present inverrtion A s apparent from the results shown in Fig 2 

and F,g. 3. it has become clear that the Tg of -20»C or higher raises the modulus of elasticity to notably deteriorate the 
low temperature, characteristic and the Tg of -45°C or lower does not provide the sufficiently high loss performance but 

M SEEF 8 ?!^ 3StiCity large ' y fr0m th0Se ° f conventi ° n al products and deteriorates the oil bleed property. 

!?J? er ^T enl lL° m the reSUttS Sh0W " in Rg 4 and R9 5 - il has become c,ear th a< the aromatic compo- 
nent exceeding 90 % by weight makes it impossible to maintain the low temperature characteristic and the aromatic 
component of less than 55 % by weight deteriorates the loss performance. Further, it has become clear from Fig 6 that 
the aniline point of 97 or more deteriorates the rupture characteristic. 
« J' 9 , 7 iS * Sh ° W a """P 3 " 50 " 01 a ni 9 h aromatic oil having a saturated component of 40 % by weight or more 

is with the high aromatic oil of the present invention. As apparent from the results shown in Fig 7. it has become clear that 
n!n« ^ C ° mp ° ne " t exceedin 9 40 % by weight deteriorates the rupture characteristic and brings about oil bleed 
2 m S 7 ^ reSU,tS altogetner - il nas become dear ««t only the high aromatic oils having a glass 
n ! ^l? n aromatic component each falling within the scope of the present invention, prepared in Examples 
i to 14, can nave the rubber performances to be compatible with the excellent safety 

20 
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ilio! 1 * desc, * ed . above - tne hi 9" aromatic oil of the present invention has excellent safety and the equal perform- 
* S u?n„ th! r?,,"* conventional high aromatic softening agents for rubber, and an oil extended synthetic rubber 
* Z* 9 aT Tt C °" 35 a " 6Xtender 0i ' and 3 mbber com P°sition using the same as a softening agent can 
have the performances to be compatible with the excellent safety. Further, if the refining method recommended in the 
present invention is employed, the profitability can be satisfied as well. ecommenoea .n tne 

mi 0 ? i FUr i er " h ] 9h ar0matiC 0i ' * *■ present invention can safe,v be used for a" conventional uses of high aro- 
30 thelic mbi U r " 9 *** "* Writi " 9 35 We " 35 SOftenin9 agentS tor rubber and « land8r oils for sv "- 

Claims 



m~?,r!T S 01 105 ,mPrOV6d th3t 3 9,3SS tranSiti ° n P ° int is " 4S t0 - 20 ° C ana an aramati c component 
ZJ^Zt b L C,3y fS mSth0d 3 ff° UntS for 55 ,0 90 % by wei9ht and that a P 01 ^ aromatic compound meas- 
mSS in ! the oil"" aCC ° UntS 85 th3P 3 % by W6i9ht b3Sed ° n thS Wh0 ' e <«W* of hydrocarbons con- 

The high aromatic oil as described in claim 1. wherein the high aromatic oil has an aniline point of 97 or less. 

SJJSJZ!? 5 38 in ° l3im 1 ° r 2> Wh6rein the SatUrated h y ar °carbon component measured by 

Clay-Gel method accounts for 40 % by weight or less. 

A rubber composition obtained by blending the high aromatic oil as described in any of claims 1 to 3 into a rubber 

™^°Tn ^Tfl n3tL,ral fUbber and/ ° r SynthGtiC mbber ' wherein said ni 9 h aromatic oil is blended in a pro- 
portion of 0.2 to 50 % by weight based on the whole weight of the rubber composition. 

5. An oil extended synthetic rubber obtained by using the high aromatic oil as described in any of claims 1 to 3 for a 
sySc°lbeT erS,0n Synth9tiC mbber ^ 3 Pr0P0,1i0n ° f 5 to 50 % by W9i9ht based on ,he who,e wei 9W °< 

6. A rubber composition using the oil extended synthetic rubber as described in claim 5 



35 



40 



45 



2. 
3. 

4. 



55 



22 

BNSDOCID <EP . 0940462A2 l > 



EP 0 940 462 A2 



FIG.1 



REFINING PROCESS FOR HIGH AROMATIC OIL 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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